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ABSTRACT

This thesis proposes a low voltage and full swing bootstrapped CMOS inverter circuit,
designed by using the output drive CMOS transistors same as the conventional CMOS inverter in
both pull up and pull down section. In pull up section, the overdrive at gate of pull up section is
used by bootstrapping scheme. The circuit has the high speed full swing operation and this circuit
operates on 1 volt supply voltage with possible by using 0.25 Hm CMOS parameters of MOSIS,

the simulations output waveforms and time delay are investigated by using PSpice program.
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b Aouseau Iwihsenhansufaesa (Drain — Source voltage)

K ﬁaﬁwﬁuﬂsxﬁﬂﬁeﬂamm (transconductace parameter ) ﬁﬂ"ll‘lf;’lﬁ"]_l /,ln COX
L, ABAIANNANINAINAGDIRIUDIDIANATOU (Electron mobility)
Aomanugdemitoiiufiveannoenland (Oxide capacitance)
ADANUNIIUBILFULLA (Channel width)

C

W

L A0ANNevUyuLLa (Channel length)
Vo A9U390Uun5% Taa (Threshold voltage)
A

'3 w a o
ﬁmwmmmauwaﬂmwmsmmm (Channel length modulation parameter)

mﬂgﬂﬂﬂﬂﬁuaﬂﬂugﬂﬁ 2.4 iormaiuussiusznhaasuazaeia (Vo) 10
guiauiiaganiudoon (Pinch off) axvhliuoansuFmnesiulusidud (Sawration
Region) dsaumsii (23) wwfiuhdazaonaves usuuuaEuIVegaiumliney
(Channel length modulation ; A) AUpINIEUAMATY (I,) mz"hiﬁuﬁuu‘sqﬁuﬁmﬂﬂéamw'jw
ViRsUIAZFRTA (V,.) Fagunsmluga8ud (Saturation Region) Tugufi 24 Hunasiiee
dhuduaseifianududuguiudidesninluanuiusfudalunisiuvees
nIMTAoSvzfaNaveIBULUAILINBgIET UMD ﬁaﬁugﬂﬂﬂﬂmﬁﬁmﬂwﬁ'sa
Ui (Saturation Region) ssiinnuduthudnieuiiedwdemsinsediazmsdmialy

o Y o il y [ Y 4
ﬂ15aaﬂuu‘1_|wﬂi:u1m1ﬁwawuwuuuamu i]ll'Elﬂm“ﬁu'ﬂ’lﬁ’lllmﬂiﬁiﬂTLWTﬂDﬂuU



14

2.4 agul
a ° a sy ¥ Y ¥ o 9 =]
VINNYUYNIIMNNIUVIUBENTIUFdAI N lanardu ludrsduildnsiuiase
= 3 o ~ ' ] o 9 (] 1 [ Y- | (]
aziRuaa Inssamsvhauiausoutanemsion 18y 3 329lna) q drefufess
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L’JﬂiLﬂ'ﬂ‘iﬂﬂ‘igﬂﬂﬂt‘ﬂu’N%‘iI.L'U'].lﬂ'f]ﬂJ‘WﬂuJu’ﬂTi (Complementary) Tﬂﬂi%’l!f]ﬁﬂﬁ'lu"lfﬂiﬂﬂi

% 4 g,
%1iA N-Channel 1A P-Channel Faaansoudad 1daegli 3.2

VDD

M1

¥, O—4 \"/

out

M2

VSS

4 A a s s
g‘llﬁ 3.2 UAAIMNVTHUDADULIDIADILUVNINTTTU

a wa e a o s a {
lumsetugaauiimeddvonesdunefinesisnaunsasudn ldanmsei 3.2

£ é? a o a (oﬂ: oM =Y
Faslovrvzt)dountas ldaumstianureunean U AR INITITUAND SUA N-Channel
1 @ = d a
1ag P-Channel 91ANITN V,, Suas Uy Taauoauoans IS HM035¥1A N-Channel
[ cu a d = & [l S = 1
wag v, Flususasuunse leaueauoans T ano3wiia P-Channel Faluduiiaziiygai

wineien s adudm (v. ) inffoulasiloussindunm (v,) waoul



WARDNVEGRTIEIN LU0 NINR1A0ITUY

17
ﬁﬂi'Nﬁ 3.2 uﬁmmmf'f'uﬁ“u'55314’h\‘umﬁ'u'11EN’Nﬁ]i§m’m'§lﬂai{ﬁﬁmmmmmu
finoow laidudn GNP
> < <
VgSP B th VS’SP = th VgSP < Vi
P-Channel V., < th +¥on v, < th + Vo5
Vin > th + VDD Vds'J > Vgsp —- th Vdsp < Vgsp — V[P
Vout > Vin - th Vout < Vin - th
Vgsn < th Vgsp > th vgsn > th
N-Channel V., > V. +Vsp V.=V,
Vin = Vt.n Vdsn = Vgsn - th Vdsn > Vgsn C th
Vout < Vin - th Vout = Vin - th
o = o 1 o ] -
Qﬂﬂimllﬂﬁ“flﬁ']u‘]iﬁlﬂﬂ'iﬁ'lﬂﬂiﬂLL'l.Nﬂ'Iﬁ“Vl'N'}H'ElElﬂ!.ﬂuﬁ'l‘N“H'Nﬂﬂ
¥23ANn00W (Cut-off) :
L= 0. 5%, (3.1)
1 14 @ L] = 3 . =) 1 .
‘KTJQH],EJEI‘JJWJ, FIUWUTU (Linear) #5094 103 Toa (Triode) :
VZ
_ _ —_ds %
i, = B (Vgs v, )Vds ol 0<Vy <V, -V, (3.2)

s

v v
o [ o ' =1 = [N a . . o 1 =
dmsumahalusasiiinezGunigiaBaudy (Linear region) 9ztAu I, sznfasuui/a
A Y o A I
Whududuiy v, uag v ie v, 72 limdesunn (V, << V,-v)

HI90UA (Saturation region) :

0<V, -V, <V (3.3)

A A P P A @ 1 ¢ A
e Ids ﬂﬂﬂﬁzuﬂ'ﬂiﬁﬂi]']ﬂ‘ll']m'iuulﬂ“lﬂ‘ﬂﬂﬁﬁ, Vgs ADLIIAUTEHINUNALASHDIN, V! DT

auunsylea uaz 5 Aoaunsaiumanes (Gain factor) HA1mifiy

45894
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Fouy snfuide Vi = Vinp 102 1., = I, 92 1dnswlans Tounmauifvesdueddunes
o 9o = A a o a ) o fad o o
mosuanslagagii 3.4 yaniimsaindmulafzdoansi 5o esidudvesvinaurany
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i]'lﬂgﬂ'ﬂ 34 ﬂ’l‘i‘l’l’lﬁ’mﬂlﬂ\ﬂ\ii]ﬁ“%i.l?)ﬁﬂ‘LI!.’m;l,ﬁﬂ’;ﬁ'liﬂ'iﬂlmﬂﬂﬂﬂ!‘ﬂu 5 I WINUANYUS

=Y o - J 1 o 4
YDINDANTIUFAAD5BIA N-Channel 1482 P-Channel 1HUADLH198IMUAINAIT1N 3.2
1 ] dyo & = d Y
¥4 A ¥RiUfmualas 0 <V, <V, HW0aNTUFMADT N-Channel 1zAnooH (I,
= 0) HATUOANTIMTAADT¥IIA P-Channel o ugradadu o 1, = -1, Muar 1, ¥09
=Y d = - 1 o Y &
YDANTIUFAADIHIIA P-Channel (MAUFUELAT MY Vsr = Vou = Voo a8 Vip = 0 1439
%) 9 =
ALOMNAD
out DD (35)
] ] d”d vad o & = d a
39 B gniduguaniandmualos v, S v, < v /2 Saeaniudaneivia
° 1 1a e 4 a d =
P-Channel vziamlugaalududs (v, # 0) luvashuoaniudmnoivia N-Channel
° " A W A o v a a o o ¥ 9 9
e lugnedudn  2esadoudmsudueadunesines luriamnsatansld las 1o

=Y = w =Y o o
NIINTAADTYTA P-Channel IHUFIIUMIULAZNOANTIUTANDS N-Channel 1Hunvaane
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N3EUE (Current source) Fevsiailouudaslddegii 3.4 nszualugrsdud a

= g a °
N5WFAADT¥1IA N-Channel nualaeld v = v, Would

; /4
A o n
1o ﬁn _unCOX 7

n

Wag vV, = ussuumsyleaueaueansuFanes¥iia N-Channel
' ' ad Wi
4, = MANMNANUNABIVDIDIANATOU (Mobility of electrons)

W, = fnnunaveausunuaNeanUFaineyiia N-Channel

1 a d A
L, = MANNINUDIUBAUUANDANIIUSTADTYUA P-Channel

dsp Region B

dsn out
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:i =1 — a 4
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o r P ] =Y d = o
FMTUNTEUAN IMark UL AN I IUF N3 ¥1A P-Channel Muua ldv1n

A
a
v
9z 1daums
Idsp
e B, =
wr v, =
H, =
W=
L, =
P
ALY

dsn

ds

P

@ = d a
Llﬁ\?ﬂullﬂi‘ﬂiﬂﬁﬂm\iﬁﬂﬁﬂﬁ TUBTADIVURA P-Channel

AMANINAIIUAADIUDY 188 (Mobility of holes)
AMANUATNUDINOANT TN DI ¥1IA P-Channel

MANNEIIVDINDANTIUTAADI¥TIA P—Channel

“dsp

uFeAUB WM (V_ ) annsoudae @

Vi
V"“‘_(Vin"vtp)Jr\/(Vm_Vm)z 20, - —22-V, b

2 tp )VDD - ﬁ_n(Vin - Vm)z (310)

T ! { a u'q’j 1 o ] c‘- LY é
K C 1u“ﬁ?ﬁﬁﬂﬂﬂﬂ5’!u°ﬁﬁm@ﬂ’lﬂﬂ%gﬂ’lﬁ’]uoluﬁlf'lﬁﬂilﬂ? %Qﬁ?ﬂ“lﬁﬂ“ﬁﬂ\uﬂu'Jﬁ]ilﬁﬁﬂu

Tddagl

3.4(v)

A 1 1 1 -5 1 ﬂl o
%Qllﬁﬂ\?l‘lﬁ)i‘ﬂuuﬂfNi]'ltlﬂ‘igllﬂﬁﬂﬂuﬂ‘ﬁlﬂUﬂiZLLﬁGLUGH’NEmWHJENMQﬁ

¥
NIUFARs IR U lay

u
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= B, ~ Vo) (3.7)
= (Vom“ VDD) (3.8)
2
B, L (8 Vg YV Vi — o000 7 (3.9)
2
W
i, 8 2]

L
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B,

lip = - T(Vin_VDD_th)z (3.11)
Lo = b Vip= Vi) (3.12)
2
11
Idsp = _Idsn
214
i
Kop ¥y +F, 5
Vi = g (3.13)
1+ ﬂ
B,
Tasd1vun
B, = B, uay v, = -V,
v
Vi = = (3.14)

[ ' [ & 1 q’; ' A d Y ' dy
HUNOANNNTN C agasagmmizimmiaves v, mniy a1 v, miuly ldvesyaed

AINITONDITUIN

N—Channel : Vi~ Ve 5V

Vom > Vin i vm

N-Channel : V, -V e V[p

Vout e Vin B th
d‘l -] a 1)
diohnsauiuae 1a

Vin™ V< Vo < V=V (3.15)
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' S A o £ d = o =]
BYIININ ‘Llﬂ’E]L'?iﬁ}Nﬁ‘ﬂﬂﬂﬂlﬂ'l‘l’l‘y‘!ﬂuﬂ’]iLﬂﬂtlul‘i’lll"!ﬂ

td
= o

1 1 V, = d =
¥4 D $diildnuae 22 < v, < vV -V, u0ansuddnesyiia P-Channel
2

o 2 d = i A o A 1 = "l”
Mamuududl  luvuzheiia N-Channel Moy lududas  @eu lutiuaasld lasaes

] v 3 a
ilounanslugalii 3.4 (1) nszuai lnaduneansudaneinideudonld

1
lap = =5 BV~ Voo - Vo)’ (3.16)
V2
Laz Idsn . ﬂn (Vin —V:k )Vouf _OTW (3-17)
&
LA Idsp -Idsn
@ y 4
Llﬁﬂﬂumm‘mﬂﬂ
B
Vout = (Vinhvln) i (Vin N th)2 - ﬂ_p(Vin - VDD - th)Q (3.18)

[ o [ A o A a &4 =) d a
%29 E Wugneidmualaotoulaguwn v, = v, - Vyp» PIWOANTIUTANDITUA
s o 1 _ A =
P-Channel 93AN00WIaz N-Channel 9 ugraFadu, Vo = Vi Vo Fafinuiuuan

Y
WIANT YV, USRI INNY09TNTifD

v. =20 (3.19)
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31 3.8 uanresaiiondmivdanszeznaveses lugiin 3.7
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() 2vstaiiowdio v, iwen vy, ilu o (dmsusmneig,)

PMANSIRUVIBEN V, 8aaden Vo, wuily 0.1 V) dsoutsdeseena 2 499
=} 1 A o 1 ~ o/ =2 1 £
A9 93N FuTUYINLTIAUNIDN V, AAAIIN 0.9 Vi 118 Vp -V, 1AZ31NE0e §9
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13 E v
NMOS agluaniazdusda C, zaaori NMOS fatiusez 1dhnszied Inarii NMOS oz

MINUNIZLANARIEDENIN C, TTUAD

dv
cL—°+‘B”
dt

2
Wpp Vi) =0;3Ve2 V-V (3.20)

tn

v
1 o 3 1 1 = o w Y
Bt AU IAINAINOY VTN 0.9 Vi D8 V- Vo Aadusunauns

F19au 184

2c, 0.9%pp
t, = Jav, (3.21)

2
ﬂn (VDD B th ) Vpp =V

2C, (V, -0.1Vp,)
Wio ot = Low DD (3.22)

/Bn (VDD ¥ Wy )2

o g " U = A a L} -eay
dmsugaanm t, NMOS wihganmiBudu Fedmdennganiilluds NMos
wnmoiluamernsna nngi 3.8 e NMos egluannziFudu  nszue Ivaru

NMOS 92111

1
o = BV - VuV oV (3.23)
1 (-7 dV 1
Favewhiy ¢, —2 = Biw,, -V Vil
dt

' [ v o 1 '
A9 t, asaf N IdINMIMMUAMYe V, 53131 V-V, uag 0.1 Vo,

Y
@ e LY

Y Y ]
ASUY DUTUWNTUNTUNAU L‘i”l'il%vlﬂ’ﬂ

CL Yoo —Vm av
Ty = J (3.24)

2
ﬂn (VDD i Vm ) 0.1¥pp VO
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c 19V -V
- L p—L22_m (3.25)
ﬂn(VDD ‘Vm) VDD
2
SWAINNIHUA t = o+t
c v -0.1V. 197, -20V.
= L [ BD g 22y (3.26)
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Abstract: This paper proposes a low voltage and full swing bootstrapped CMOS inverter circuit, designed by
using the output drive CMOS transistors same as the conventional CMOS inverter in both pull up and pull down
section. In pull up section, the overdrive at gate of pull up section is used by booistrapping scheme. The circuit
has the high speed full-swing operation and this circuit operates on 1 volt supply voltage, the simulations autput
waveforms and time delay are investigated by using PSpice program.

1. THEORY

The trend to design the digital circuit concentrates
with the low power dissipation. A technique is to
reduce the voltage supply level but it may have the
drive ability problem of signal according to the
CMOS transistor. The compensation is to use the high
voltage level to drive the gate of CMOS transistor by
using bootstrapped circuit [1-2]. The previous paper
[3] proposed the improvement of CMOS inverter by
using bootstrapped circuit in order to have the high
speed operation when compared with the standard
inverter as shown in Fig. 1.

The improved circuit is shown in Fig. 2, it is
improved by using NMOS transistor for pull up
operation in order to high drive ability of the output
signal better than the standard inverter, The proposed
circuit uses NMOS transistor for pull up and the loss
voltage effect with the threshold level of the CMOS
transistor is important for output signal. The lower
voltage supply operates at low voltage supply level
[3], the output signal level cannot have the full swing
at low voltage supply level and the high capacitance.
Therefore, this paper proposes a design of
bootstrapped CMOS inverter circuit which has the full
swing of the output signal and high speed operation
better than the previous circuit [3]. The proposed
circuit uses only 1 volt supply, it is designed by using
PMOS transistor for pull up operation and increase
the voltage to drive the gate of PMOS transistor with
bootstrapped circuit. Thus, the speed is higher, the
signal is full swing operation at low voltage supply.

VDD

Fig. 2 Bootstrapped CMOS inverter as in reference
(31
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The proposed bootstrapped CMOS inverter is show in
Fig. 3, consists of PMOS transistor and bootstrapped
circuit for pull up and pull down operation uses
NMOS transistor.

VoD

M6

3 VOUT

¢
Vi ot
o [ 2

v
GND GND
Fig. 3 Proposed bootstrapped CMOS inverter

The proposed circuit uses PMOS transistor, M6 to
drive for pull up operation and NMOS transistor, M7
to drive for pull down operation and quite the same as
the standard inverter. The PMOS transistor is used to
discharge the charge at gate of transistor M6. For pull
up operation, the bootstrapped circuit is added in
crder to increase the voltage level for driving the gate
J¢f M6. The bootstrapped circuit consists of the
transistors M1, M2, M3, M4 and Cy,, The used
capacitance comes from the short circuit of drain and
‘ource and operates as a capacitor.

The operation can be explained as follows. The pull
down operation, the voltage level at gate of M7 still
operates to discharge the charge at the output. Thus,
the output voltage is zero.

[n the pull up operation, transistor M6 is driven by
two sets of inverter, M1 with M2 and M4 with M3.
The result of inverter will give the voltage at gate of
M6 is equal to Vpp, then transistor M6 cannot
conduct, transistor M3 conducts and Cpe is shorted
circuit through ground via transistor M3. Cyey will
charge the charge and the voltage level is Vpp. During
the state transition from high to low, the capacitor is
floated because transistor M3 stops conducting but it
has the charged voltage during the pull down
operation. The voltage at gate of transistor M6 is
higher than Vpy, via transistor M4 which still operates.
The voltage is increased and the output signal level
can be full swing for voltage supply.

2. SIMULATION RESULTS

The simulation results have been carried out based on
PSpice simulator program by using 0.35 pm CMOS
technology for level = 1, voltage supply = 1 volt,
threshold voltage for all CMOS transistors are equal
to 0.5 volt, load capacitance = 2 pF. The results will
be compared with the standard inverter, previous
inverter as in reference [3] and proposed inverter of
this paper. The pulse signal is the input for three types
of inverter the results can be obtained as shown in
Fig. 4.

15ns

* Tiee
o ot
& Comvesismal CMOS brvertar
+ Proviews CMOS imverter
B Freposed CHOS imrvarter

Fig. 4 Output signal of thiee types of inverter

In Fig. 4, the signal speeds from low-to-high
transition are not different in the cases of proposed
circuit and previous paper (3] because of the use of
bootstrapped circuit in pull up operation. The signal
swing is not full for previous paper [3].

The lnad capacitance is varied from 0.8 to 3.0 pF for
the same voltage supply = 1 volt, the results are
shown in Fig. 5 and 6.

Delay time 8t rise (ns)

Load eapacitance (pF)

.| —4— DTR Proposed CMOS
—s— DTR Previous CHOS'
—e+— DTR Conv, CMOS

Fig. 5 Load capacitance versus delay time at rising
edge.
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Fig. 6 Load capacitance versus average delay time

It should be noted that the relationship of the drain
curtent (Iy) of CMOS rtransistor and the load
capacitance (Cy) is as follows.

Ia = Cy [dV/dt] (N

dV/dt = rate of change of the voltage with respect to
time

Suppose Cp is constant, the rate of change of time is
equal. The rate of change of time of the output of the
proposed circuit is the most change, it means the load
capacitance is equal and the delay time of proposed
circuit is the least.

Fig. 5 and 6 show that the proposzd circuit will have
the less delay time at the circuit output when
compared with the previous paper [3]. Fig. 7 shows
the supply voltage versus the average delay time with
load capacitance 2 PF, the supply voltage is varied
from 0.8 volt until 2.0 volt.

25
w o,
=4 2= Load capactance = 2 pF
£
E’ 1.5 %
3
@ 14
=
a
% o054
0 e
@ o @ o~
o -— -—
Supply voltage (V)

—+— Proposed CMOS
—=— Previous CHOS

—i— Cony, CHOS

Fig. 7 Supply voltage variation versus average delay
time

Fig. 7 also shows the effect of supply voltage versus
the average delay time. For the small supply voltage,
the signal is full swing because of PMOS transistor is
driver for pull up operation. Then, the loss voltage
according to the threshold voltage of NMOS transistor
is used to drive for pull up operation.

3. CONCLUSION

The proposed bootstrapped in this paper shows the
best delay time with low supply voltage at high load
capacitance, The characteristics of the proposed
circuit are better than the previous paper.
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